Background. The sequence of events preceding incident bacterial vaginosis (iBV) is unclear. Methods. African American women who have sex with women, who had no Amsel criteria and Nugent scores of 0-3, were followed for 90 days to detect iBV (defined as a Nugent score of 7-10 on at least 2-3 consecutive days), using self-collected vaginal swab specimens. For women with iBV (cases) and women maintaining normal vaginal flora (healthy women), 16S ribosomal RNA gene sequencing targeting V4 was performed. Longitudinal vaginal microbiome data were analyzed.
sex partner. Screening exclusion criteria were use of antibiotics within the past 14 days, HIV infection, pregnancy, and menses.
Women meeting inclusion criteria provided a detailed sexual history and underwent a urine pregnancy test. They self-collected 1 vaginal swab specimen for determination of Amsel criteria [19] and vaginal Gram stain for Nugent scoring [20] . A Nugent score of 0-3 was designated as normal vaginal flora; 4-6, as intermediate flora; and 7-10, as BV flora [20] . Enrollment inclusion criteria were absence of all Amsel criteria and a Nugent score of 0-3 with no G. vaginalis morphotypes on Gram stain (interpreted by a research clinician and confirmed by a second reader in our laboratory; if there was disagreement, a third reader was used). Enrollment exclusion criteria were pregnancy, detection of trichomoniasis on a wet mount slide, and symptomatic vaginal yeast infection.
Enrolled participants completed an interviewer-administered study questionnaire on sociodemographic characteristics, sexually transmitted infection history, sexual history, douching, vaginal lubricant use, and contraception use. A pelvic examination was performed, with a cervical swab specimen obtained for Trichomonas vaginalis, Chlamydia trachomatis, and Neisseria gonorrhoeae nucleic acid amplification testing, using the BD ProbeTec Q x CTQ/GCQ/TVQ assays [21, 22] . Women practiced completion of a daily diary (comprising a yes/no checklist about behaviors and events such as sexual activity and menses) by making a day-1 entry, and they self-collected 2 vaginal swab specimens for Gram stain (for enrollment Nugent score determination by a second reader) and future vaginal microbiota sequencing. Instructions for vaginal self-swabbing and smearing of swabs onto slides were provided. Research staff observed participants smearing the vaginal swab on a slide and provided feedback. Women testing positive for T. vaginalis, C. trachomatis, or N. gonorrhoeae by nucleic acid amplification testing were removed from the study because these sexually transmitted pathogens may alter the vaginal microbiota [23] [24] [25] [26] . The remaining women were followed for 90 days for iBV, defined as a Nugent score of 7-10 on at least 2-3 consecutive days.
Daily vaginal swab specimens for microbiome analysis were collected in individual tubes and stored in a freezer at the participant's home. In addition to daily diaries and vaginal Gram stains, specimen tubes were transferred on ice to the study site weekly until iBV and for 1-2 weeks thereafter (owing to the lag between specimen drop-off and Gram stain interpretation) or for 90 days. Gram stains of daily vaginal specimens were evaluated to determine the development of iBV, based on Nugent score. Vaginal specimens were stored at −80 o C until sequencing. Daily diary entries were scanned into a database, using Teleform (OpenText, Waterloo, Canada). Similar methods have been performed by our group [27] and others [28, 29] .
For participants who developed iBV (hereafter, "cases") and age-comparable women who maintained a normal vaginal flora for the majority of the study (ie, ≥95% of days; hereafter, "healthy women"), DNA extraction and 16S ribosomal RNA (rRNA) gene sequencing were performed on stored vaginal specimens collected from cases during the 21 days leading up to iBV and every other day for 1 week thereafter. For healthy women, samples for sequencing were chosen on the basis of menstrual cycle day, which was aligned with cases.
DNA extraction and sequencing were performed by the Louisiana State University School of Medicine Microbial Genomics Resource Group (available at: http://metagenomics.lsuhsc.edu/mgrg/). The genomic DNA was extracted using the QIAamp DNA Stool Mini Kit (Qiagen, Germantown, MD), modified to include bead beating. Two steps of amplification were performed to prepare the sequencing library, using the AccuPrime Taq high-fidelity DNA polymerase system (Thermo-Fisher/Invitrogen/Life Technologies, Carlsbad, CA) [1] . First, the 16S ribosomal DNA hypervariable region V4 was amplified using 20 ng of genomic DNA and the following gene-specific primers with Illumina adaptors: 5ʹ-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGT GCCAGCMGCCGCGGTAA-3ʹ (forward) and 5ʹ-GTCTCGT G G G C T C G G AG AT G T G TATA AG AG AC AG G G AC T ACHVGGGTWTCTAAT-3ʹ (reverse) [2] . Second, purified amplicon DNA from the last step of 25 cycles of the polymerase chain reaction was amplified for 8 cycles, using the following primers with different molecular barcodes: 5ʹ-AATGATACG GCGA CCACCGAGATCTACAC [i5] TCGTCGGCAGCGTC-3ʹ (forward) and 5ʹ-CAAGCAGAAGACGGCATACGAGAT [i7] GTCTCGTGGGCTCGG-3ʹ (reverse). The normalized and pooled libraries were then run with paired-end sequencing on an Illumina MiSeq machine (Illumina, San Diego, CA), using the 2 × 250bp V2 sequencing kit. All sequence reads have been deposited in the National Center for Biotechnology Information Sequence Read Archive under BioProject PRJNA417968.
Sequences were filtered and trimmed using DADA2 (v1.4.0) [30] . The DADA2 filterAndTrim function was run with truncLen set to 230 bp and TrimLeft set to 10 bp for both forward and reverse reads. Error rates were learned over a subset of >1 × 10 6 reads and used by the dada algorithm to infer sequence variants. Sequence variants were merged, and bimeras were removed. Taxonomic assignment was performed using PECAN [31] and the vaginal_319_806_rc_MCo7p2 database (available at: http://ravel-lab.org/pecan). To achieve full taxonomy assignments, the Ribosomal Database Project (RDP) [32] and GreenGenes_13_8 [33] were merged with PECAN assignments, using a custom, in-house python script (available at: https:// github.com/gblanchard4/pecan_greengenes_hybridizer). The PECAN classifier reports only genus-and species-level classifications and omits higher levels of taxonomy. Hence, the RDP classification was merged with the PECAN classification by adding higher levels (kingdom-family) to the genus and species levels reported by PECAN. Whenever the RDP gave a more specific classification than PECAN, the RDP classification was used. PECAN classifications were used whenever genus/ species-level discrepancies between PECAN and RDP arose, since PECAN is specifically curated for the vaginal microbiota.
Community state type (CST; a cluster of community states that are similar in terms of the kinds and relative abundances of observed phylotypes) [28, 29] assignments were performed as follows and visualized using multidimensional scaling. Bray-Curtis distances between samples were calculated, and the most significant principal coordinate analysis eigenvectors were extracted. The R algorithm pam (partitioning around medoids) was applied to the principal coordinate analysis distances and the number of clusters (k = 5) were determined from the gap statistic [34] , which is a goodness of cluster measurement [35] . The Bray-Curtis distance was chosen as a nonphylogenetically aware distance measure to better separate vaginal communities dominated by closely related but functionally distinct Lactobacillus species.
Mean ages for cases versus healthy women were compared using a t test. Proportions for sociodemographic characteristics, sexually transmitted infection history, sexual behavior history, contraception use at the time of enrollment, and other variables among cases and healthy women were compared using the Fisher exact tests in SAS 9.4 (Cary, NC). P values <.05 were considered statistically significant.
Statistical analysis of sequencing data was performed using R 3.4.0. Longitudinal microbiome data for BV-candidate bacteria (G. vaginalis, P. bivia, A. vaginae, Megasphaera type I, S. sanguinegens, and BVAB1-3) and several lactobacilli of interest (L. crispatus, L. iners, L. jensenii, and L. gasseri) were analyzed using the phyloseq v1.20.0 library [36] . Given the distributional nature of the data and the small sample size, statistical models that rely on normality assumptions were deemed inappropriate. Instead, we used a bootstrapping approach; 10 000 samples were collected with replacement from cases and healthy women to create 95% confidence intervals (CIs) comparing the mean relative abundance difference between groups. Our bootstrapping approach selected the complete set of longitudinal values for each individual to maintain and account for the correlation structure among the repeated observations. Mean relative abundance differences between cases and healthy women were calculated for each day within each bootstrap. Bootstrap CIs were estimated using a Bonferroni correction that adjusted the 0.05 type I error rate for the 19 days under investigation (0.05/19 = 0.0026) and took the 0.26th and 99.74th percentile from the 10 000 bootstraps to define the empirical CI for each mean difference. If the bootstrap 95% empirical CI did not include 0, it was concluded that the groups significantly differed.
This study was approved by the University of AlabamaBirmingham Institutional Review Board (protocol F131127001), the Jefferson County Department of Health Research Review Committee, and the Louisiana State University Institutional Review Board (protocol 8738). Written informed consent was obtained and included permission to use stored vaginal specimens for microbiota sequencing.
RESULTS
Between September 2014 and November 2017, 204 African American women who have sex with women were screened; 42 (21%) met enrollment inclusion criteria, and 162 (79%) met exclusion criteria (Supplementary Table 1 ). Of 42 enrolled, 2 were withdrawn from the study because of a Nugent score of >3 at second read, 1 was withdrawn because G. vaginalis morphotypes were detected on her enrollment Gram stain at second read, 3 were withdrawn because of positive results of nucleic acid amplification testing for C. trachomatis (n = 2) and T. vaginalis (n = 1), and 5 were lost to follow-up. Thus, 31 completed the study, of whom 14 (45%) developed iBV. Specimens from 8 healthy women with an age range (24-38 years) similar to that of cases (22-41 years) were available for sequencing. Sequencing was performed on specimens (n = 448) from 14 cases and 8 healthy women. classifiable 16S rRNA gene sequences were obtained from 443 specimens, with a mean (±SD) of 15 069 ± 11 317 sequences/ sample. The heat map in Figure 1 displays the top 50 most highly abundant microorganisms across all specimens, which composed >95% of all reads. Sequence variants identified by the DADA2 algorithm are given as node numbers and included as unique identifiers for individual inferred sequence variants found in the sequence reads [30] . The top 10 most highly abundant organisms, in descending order, were Heat map displaying the top 50 most highly abundant microorganisms (in descending order) composing >95% of all reads in 443 vaginal swab specimens. Nodes, identified by the DADA2 algorithm, are unique identifiers for individual inferred sequence variants found in the sequence reads [30] . The node level classification is included in this heat map and others because there could be patterns to different sequence variants of a given species that may have biological relevance or importance. Metadata at the top of the heat map include sexual activity, by partner sex (female, pink; male, blue; and unknown, orange); incident bacterial vaginosis (iBV) status (present, red; and absent, green); menstruation status (menses, red); Nugent score (0-3, green; 4-6, yellow; and 7-10, red); and community state type (CST1, light blue; CST2, dark blue; CST3, light green; CST4, dark green; and CST5, dark pink). The scale bar (at the bottom of the heat map) provides the fractional relative abundance of a given species, on a log scale. As the blue color bar gets brighter, the relative abundance of each microorganism increases.
CST most associated with iBV, was characterized by high proportions of L. iners nodes 0 and 1, G. vaginalis node 3, A. Figures 2-21 ). Figure 2 . A, Heat map of a study participant with incident bacterial vaginosis (case K018). Time runs from left to right on the bottom of the heat map and is indicated by the days of study enrollment. Metadata at the top of the heat map includes sexual activity, by partner sex (female, pink; male, blue; and orange, unknown); menstruation status (menses = red); Nugent score (0-3, green; 4-6, yellow; 7-10, red; and 99, missing data); and community state type (CST1, light blue; CST2, dark blue; CST3, light green; CST4, dark green; and CST5, dark pink). The scale bar (at the bottom of the heat map) provides the fractional relative abundance of a given species, on a log scale. As the blue color bar gets brighter, the relative abundance of each microorganism increases. B, Heat map of a study participant with normal vaginal flora for the majority of the study (healthy woman K004). Time runs from left to right on the bottom of the heat map. Metadata at the top of the heat map include sexual activity, by partner sex (female, pink; male, blue; unknown, orange); menstruation status (menses, red); Nugent score (0-3, green; 4-6, yellow; and 7-10, red; missing data, 99); and community state type (CST1, light blue; CST2, dark blue; CST3, light green; CST4, dark green; and CST5, dark pink). The scale bar (at the bottom of the heat map) provides the fractional relative abundance of a given species, on a log scale. As the blue color bar gets brighter, the relative abundance of each microorganism increases. Figure 2A is a heat map for a case (K018), and Figure 2B is a heat map for a healthy woman (K004). The vaginal microbiota of case K018 was initially dominated by L. gasseri and L. crispatus on days 36-49, and her Nugent score was normal. Menses occurred on day 49. By day 50, the relative abundance of L. gasseri and L. crispatus decreased, while the relative abundance of multiple anaerobes increased, and her Nugent score was 3. This continued through day 56, when she reported sex with a man. On day 57, the relative abundance of G. vaginalis node 3, P. bivia, and A. vaginae increased dramatically (from low levels), and the patient's Nugent score was 7. iBV lasted through day 63 (during which time she continued to have sex with a male). By day 64 and in the absence of BV treatment, her Nugent score dropped to 0; the relative abundance of G. vaginalis node 3, P. bivia, and A. vaginae decreased; and the relative abundance of L. gasseri and L. crispatus increased. In contrast, healthy woman K004 maintained normal vaginal flora for the majority of the study. Her vaginal microbiota was dominated by L. iners nodes 0, 1, and 12, in addition to L. jensenii, and was not significantly altered by sex with a woman or menses.
Regarding heat maps for all cases and healthy women ( Figure 2A and 2B and Supplementary Figures 2-21 B   2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  1   0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0 99 99 0  0  0  0  3  3 g_Lactobacillus s_crispatus n_node2 g_Lactobacillus s_iners n_node1 g_Lactobacillus s_jensenii n_node5 g_Lactobacillus s_gasseri n_node4 g_Gardnerella s_vaginalis n_node3 g_Gardnerella s_vaginalis n_node9 g_Prevotella s_bivia n_node7 g_Atopobium s_vaginae n_node6 g_Prevotella s_genogroup_2 n_node10 g_Peptoniphilus s_harei n_node13 g_Anaerococcus s_tetradius n_node15 g_Finegoldia s_magna n_node8 g_Lactobacillus s_iners n_node54 g_Aerococcus s_christensenii n_node17 g_Staphylococcus s_lugdunensis n_node19 g_Lactobacillus s_coleohominis n_node21 g_Lactobacillus s_vaginalis n_node27 g_Sneathia s_sanguinegens n_node38 g_Anaerococcus s_tetradius n_node20 g_Streptococcus s_agalactiae n_node22 g_Prevotella s_disiens n_node26 g_Prevotella s_ n_node24 g_Streptococcus s_oralis n_node28 g_Dialister s_sp._type_2 n_node23 g_Corynebacterium s_accolens n_node35 g_Prevotella s_melaninogenica n_node47 g_Peptostreptococcus s_anaerobius n_node30 g_WAL_1855D s_ n_node29 g_Ureaplasma s_parvum n_node37 g_Anaerococcus s_tetradius n_node70 g_Dialister s_sp._type_1 n_node31 g_lactobacillus s_jensenii n_node34 g_Prevotella s_copri n_node40 g_Veillonella s_montypellierensis n_node39 g_Corynebacterium s_ n_node51 g_Bacteroides s_uniformis n_node58 g_Anaerococcus s_vaginalis n_node46 g_BVAB1 s_BVAB1 n_node44 g_Corynebacterium s_ n_node48 g_Dialister s_propionicifaciens n_node43 g_Corynebacterium s_accolens n_node57 g_Escherichia s_coli n_node25 g_Nesterenkonia s_ n_node60 g_Fusobacterium s_ n_node87 g_Megasphaera s_sp._type_1 n_node11 g_Streptococcus s_anginosus n_node14 g_Leptotrichia s_amnionii n_node18 g_Prevotella s_bivia n_node16 Figure 3A and 3B and Figure 4A and 4B display the difference in mean relative abundance over time (day 0 is first day of iBV) of G. vaginalis, other BV-candidate bacteria, F. magna (because it was among the top 10 most highly abundant bacteria), and L. crispatus, L. iners, L. jensenii, and L. gasseri between cases and healthy women. The mean relative abundance of L. crispatus became significantly lower in cases starting 14 days before iBV and continuing through day 6 after. The mean relative abundance of P. bivia and G. vaginalis became significantly higher in cases starting 4 days and 3 days before iBV, respectively. The mean relative abundances of A. vaginae and Megasphaera type I became significantly higher in cases on the day of iBV. There was no significant difference in the mean relative abundance of 3. Variation in trends of mean relative abundance of Lactobacillus crispatus, Gardnerella vaginalis, Prevotella bivia, and Atopobium vaginae over time between study participants with incident bacterial vaginosis (iBV; cases) and study participants who maintained normal vaginal flora (healthy women). 16S ribosomal RNA gene sequencing was performed on stored vaginal specimens obtained from cases for 21 days leading up to iBV (and aligned menstrual cycle days for healthy women) and every other day for 1 week thereafter. To perform this analysis, the sequencing data were organized so that the first day of iBV was labeled as day 0 and aligned between cases. The x-axis on each figure represents time, while the y-axis represents the average difference in relative abundance of each microorganism between cases and healthy women. A, Mean relative abundances of L. crispatus, G. vaginalis, P. bivia, and A. vaginae over time among cases (red line, with 95% confidence intervals [CIs] shaded in red) and healthy women (purple line with 95% CIs shaded in purple) are displayed as smooth curves, using the loess smoothing technique. B, Difference in mean relative abundances of these microorganisms between cases and healthy women over time is represented by a blue smooth curve, again using the loess smoothing technique (with 95% CIs shaded in gray). The horizontal red line indicates no difference in the mean relative abundance of the microorganism between cases and healthy women. Days with a statistically significant difference in the mean relative abundance of the microorganism between cases and healthy women are denoted by asterisks. Scales may differ among y-axes. Standardizing these scales would make a subset of the figures difficult to read.
women leading up to iBV or thereafter. The mean relative abundance of F. magna became significantly higher in cases 1 day before iBV and 2 days after iBV. However, these were isolated findings.
DISCUSSION
To our knowledge, this is the first prospective study with daily vaginal specimen collection to investigate the induction of iBV. Our results indicate that the initial decrease in the mean relative abundance of L. crispatus, a marker of a healthy vaginal microbiota [29, 37] , and the subsequent sequential increase in mean relative abundances of P. bivia, G. vaginalis, A. vaginae, and Megasphaera type I (anaerobes commonly found in BV [15] ) play important roles. Although other microorganisms have been suggested as potential BV pathogens, there was no significant differences between cases and healthy women regarding the mean relative abundance of S. sanguinegens, F. magna, BVAB1-3, or L. iners leading up to iBV.
In vitro, G. vaginalis is more virulent than other BV-associated bacteria [17] . It is a facultative anaerobe that may tolerate the high oxidation-reduction (redox) potential of a healthy vaginal microbiota, unlike strict anaerobes [13] . Similar to facultative anaerobes involved in the initiation of oral disease [38] , it is possible that pathogenic strains of G. vaginalis [39] , perhaps at a certain threshold, create a lower redox potential in the vaginal microbiota that is suitable for increases in the abundance of other BV-associated bacteria [13] . Interestingly, in this study, the mean relative abundance of P. bivia became significantly higher among cases 1 day before that of G. vaginalis became significantly higher prior to iBV. Evidence of a commensal, symbiotic relationship between G. vaginalis and P. bivia has been noted [40] , which could further stimulate their growth. Ammonia produced by P. bivia stimulates G. vaginalis growth, and amino acids produced by G. vaginalis enhance P. bivia growth [40] . Because of our small sample size and only once daily vaginal swab specimen collection, we cannot pinpoint the exact time that the mean relative abundances of P. bivia and G. vaginalis increased within this 1-day time frame to state with certainty that the abundance of 1 microorganism increased before the other. Nevertheless, our results suggest that synergy between P. bivia and G. vaginalis may be an important event prior to iBV.
Correspondingly, A. vaginae, which is highly specific for BV, rarely occurs in the absence of G. vaginalis, suggesting synergism between these microorganisms [41] . Women with G. vaginalis and A. vaginae have higher rates of recurrent BV than women with G. vaginalis alone [41] . A. vaginae stimulates an innate immune response from vaginal epithelial cells in greater magnitude than G. vaginalis, leading to localized cytokine and β-defensin production [42] , suggesting that it is a potent component of the host response to BV. This may contribute to adverse outcomes associated with BV (ie, preterm birth and pelvic inflammatory disease), as increased vaginal inflammatory cytokines and neutrophils are predictive of both [43, 44] . Activation of the nuclear factor кB signaling pathway by A. vaginae may also have a role in increased HIV expression, as this pathway is critical in the transcriptional induction of the HIV-1 promotor [42] .
Data on Megasphaera type I are limited. It is highly associated with BV [45] , rare or absent in sexually naive women [18] , and associated with female-female sex and lifetime number of , and Lactobacillus iners over time between study participants with incident bacterial vaginosis (iBV; cases) and study participants who maintained normal vaginal flora (healthy women). 16S ribosomal RNA gene sequencing was performed on stored vaginal specimens obtained from cases for 21 days leading up to iBV (and aligned menstrual cycle days for healthy women) and every other day for 1 week thereafter. To perform this analysis, the sequencing data were organized so that the first day of iBV was labeled as day 0 and aligned between cases. The x-axis on each figure represents time, while the y-axis represents the difference in mean relative abundance of each microorganism between cases and healthy women. A, Mean relative abundances of Megasphaera type I, S. sanguinegens, F. magna, BVAB1-3, and L. iners over time in cases (red line with 95% confidence intervals [CIs] shaded in red) and healthy women (purple line with 95% CIs shaded in purple) are displayed as smooth curves, using the loess smoothing technique. B, Differences in mean relative abundances of these microorganisms between cases and healthy women over time are represented by a blue smooth curve, again using the loess smoothing technique (with 95% CIs shaded in gray). The horizontal red line indicates no difference in the mean relative abundance of the microorganism between cases and healthy women. Days with a statistically significant difference in the mean relative abundance of the microorganism between cases and healthy women are denoted by asterisks. Scales may differ among y-axes. Standardizing these scales would make a subset of the figures difficult to read. sex partners [18] . Further in vitro studies on the interactions of P. bivia, G. vaginalis, A. vaginae, and Megasphaera type I are needed.
Of healthy women, 75% had a vaginal microbiota dominated by L. crispatus, while 79% of cases had a vaginal microbiota dominated by L. iners and/or L. jensenii and L. gasseri prior to iBV. This is similar to a study of pregnant women in which L. crispatus promoted the stability of normal vaginal flora whereas L. iners and/or L. gasseri predisposed women to abnormal vaginal flora [37] . Similar to other prospective quantitative polymerase chain reaction-based or vaginal microbiome studies [29, 46] , menses and sexual activity in this study led to fluctuations in bacterial community composition over time, at times rapidly. This is in contrast to a study that found that penile-vaginal sex did not alter the consistency of vaginal bacterial communities [39] .
Our understanding of shifts in the vaginal microbiota and their influence on women's health continues to evolve [47] , underscoring the need to better understand the pathogenesis of iBV. In a prospective study of HIV-negative women [48] , those with diverse vaginal bacterial communities dominated by anaerobes had a >4-fold higher risk of acquiring HIV. Specific bacterial taxa (including Prevotella) were identified that were linked with inflammation and HIV. Additionally, in a tenofovir microbicide study [49] , HIV incidence was reduced by 61% in Lactobacillus-dominant women receiving tenofovir, compared with 18% in women with non-Lactobacillus-dominant vaginal bacteria (including G. vaginalis).
Although our data represent a novel way to study the pathogenesis of iBV, there are limitations. The sample size was small, primarily because of a large prevalence of abnormal Nugent scores at baseline, which limited the pool of potential enrollees among African American women who have sex with women. Future studies should include populations with a lower BV prevalence, to increase the proportion of eligible women. Second, survey questionnaire and daily diary data were based on self-report and subject to social-desirability and recall bias. Third, despite using experienced Nugent score readers, Nugent score sensitivity can be as low as 65% [50] , and some cases of iBV may have been missed. Fourth, sexually experienced women may not be the ideal population to study iBV pathogenesis, as their baseline vaginal microbiota (even if in a normal Nugent score range) may be colonized by G. vaginalis and other BV-associated bacteria, owing to prior episodes of BV (as seen in our study). Virginal women who become sexually active and develop iBV may be a more ideal study population. Finally, our results are solely based on 16S rRNA sequencing data, which only provide relative abundance estimates. This method may not have detected bacterial species present at very low levels in the vaginal microbiota that could also play a role in iBV. Additional in vitro studies, including animal model research, are needed to better understand the interactions between key vaginal bacteria in the pathogenesis of iBV.
Despite these limitations, our results suggest that G. vaginalis, P. bivia, A. vaginae, and Megasphaera type I may play significant roles in the induction of iBV, although the roles of other organisms cannot be ruled out. Additional prospective studies with larger sample sizes are needed to continue to investigate iBV pathogenesis.
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